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EFFECT OF SMOKING ON PERIODONTAL HEALTH: A 4-YEAR FOLLOW-UP STUDY 
IN FINNISH ADULTS 
The aim of this study was to investigate the association between smoking and periodontal health 
in a longitudinal setting. 
This study included data from 294 participants who participated in both the Health 2000 Survey 
and the Follow-up Study of Finnish Adults’ Oral Health that was conducted about 4 years later. 
The participants selected for analysis had a mean (SD) age of 44.5 (10.7) years. The participants 
provided information on smoking status, socio-demographic factors, dental behaviors and 
existing medical condition at baseline via interviews and questionnaire. The serum cotinine 
levels with optimal cut-off point through ROC curve analysis was used to assess the smoking 
status. An optimal cut-off point of 42.0 µg/l was used to separate smokers from non-smokers. 
The outcome measure was the number of teeth with periodontal pocket of ≥4 mm in the follow-
up examination. Incidence rate ratios (IRRs) were reported using negative binomial regression 
models. 
Daily smokers had 1.82 (95% CI: 1.32–2.50) times higher incidence of deepened periodontal 
pockets than non-smokers The association between amount of daily smoking including 20+ 
cig/day (IRR: 2.41; 95% CI: 1.47–3.94); 10–19 cig/day (IRR: 1.61; 95% CI: 1.04–2.49); 1–9 
cig/day (IRR: 1.05; 95% CI: 0.54–2.03) and the development of periodontal pockets was dose-
dependent. Occasional smoking (IRR: 0.68; 95% CI: 0.33–1.37) was not associated with 
periodontal pocket formation ≥4 mm. Among quitters, the IRR was 1.10 (95% CI: 0.77–1.57). 
A positive association was also observed with serum cotinine levels ≥42.0 µg/l having 1.74 
(95% CI: 1.29–2.32) times higher incidence of periodontal disease as compared to serum 
cotinine levels <42.0 µg/l. The association remained significant after adjustment of 
confounding factors (p<0.05). The incidence rate ratios were 1.87 (95% CI: 1.22–2.84) in the 
highest tertile of serum cotinine level (>436 µg/l) and 1.66 (95% CI: 1.16–2.36) in the 
intermediate tertile of serum cotinine level (36–436 µg/l) as compared to the lowest tertile (<36 
µg/l). 
The results of this study showed that daily smoking and higher serum cotinine levels were 
associated with the development of periodontal disease. The periodontal status in quitters was 
almost similar to that of non-smokers suggesting smoking cessation improves the periodontal 
health.  
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1. INTRODUCTION 
Interrelation of smoking with various medical problems such as lung diseases, cancer and 
cardiovascular disease have been known for many years. Killing approximately six million 
people annually, it has emerged as one of the biggest public health threats. Nearly one death in 
every six seconds are attributable to tobacco, accounting for one in total ten adult deaths. 
According to WHO (2014), around half of current users will subsequently die due to tobacco-
related diseases. The European region has around 16% of all deaths attributable to tobacco 
consumption. Quite contrasting, in African and Eastern Mediterranean region, the tobacco-
related deaths are 3% and 7% of population respectively. The global average for tobacco related 
deaths stands at 12% (WHO 2015). In Europe, smoking is more frequent in northern European 
countries (14.4%) when compared to eastern (13.8%), southern (10.6%) and western (8.2%) 
countries (Lugo et al. 2013). 
Periodontal diseases affect around 10–15% of most adult population globally (WHO 2012). It 
has been suggested that above 50% of the European population may experience some sort of 
periodontal diseases and above 10% have severe periodontal diseases. There is also a 
conception that deterioration of periodontal health might upsurge in future within the population 
of Europe, and indeed worldwide (Patel 2012). However, attributable to existence of non-
homogenous periodontal epidemiology, it is dubious whether periodontal health of the 
European population is improving or declining (König et al. 2010, Leroy et al. 2010). 
The general health risks of smoking and its direct effects on oral health have been well 
documented in the literature (Kassirer 1994, Winn 2001). The researchers have extensively 
examined the effect of tobacco on oral health and substantiated the association between 
smoking and periodontal disease (Bergström 2000, Banoczy et al. 2001, Johnson & Guthmiller 
2007, Petti 2009, Vouros et al. 2009, Kubota et al. 2011). Several cross-sectional studies showed 
that smoking acts as a major risk factor in the deterioration of periodontal health (Martinez et 
al. 1995, Tomar & Asma 2000, Albandar 2002, Hyman & Raid 2003, Susin et al. 2004, 
Oppermann 2007, Do et al. 2008). However, some studies failed to establish the relation 
between smoking and periodontal health (Preber et al. 1980, Taani 1997, Lopez et al. 2001, 
Persson et al. 2005). Further, some researchers studied the effect of smoking on the periodontal 
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health with elucidation of biochemical marker (serum cotinine) that stimulated more research 
activity and interest to this subject (Gonzalez et al. 1996, Yamamoto et al. 2005, Leow et al. 
2006, Tanaka et al. 2013).  
The epidemiological studies determine the prevalence of smoking based on self-reported 
smoking history. The self-reported smoking status is further used to classify the smokers and 
non-smokers; however, many times these self-reports are unreliable. For tobacco exposure, 
cotinine is the preferred serum biomarker due to its high sensitivity and specificity (CDC 2003). 
Role of smoking can be evaluated in a reliable and quantitative way by using serum cotinine 
levels. To date, uniformity could not be established between the studies related to smoking and 
periodontal health as the results seems not only to be circumscribed but also conflicting. 
Moreover, there are only few long-term prospective studies that had investigated the effect of 
smoking on periodontal health (Ismail et al. 1990, Bergström et al. 2000, Thomson et al. 2007). 
This justifies the need of further research in this field to legitimate the concrete relation between 
smoking and periodontal health.  
The present study confined the focus on effects of smoking on periodontal health among Finnish 
adults in a longitudinal setting. Serum levels of cotinine were used as a biochemical marker to 
assess the association. The data used in this study have been gathered from the participants who 
had participated in both the Health 2000 Survey and the Follow-up Study on Finnish Adults’ 
Oral Health (2004–2005). 
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2. REVIEW OF THE LITERATURE  
This study reviewed pervious publications on the effect of smoking on periodontal health with 
an emphasis on serum cotinine levels. This was done using a PUBMED search of relevant 
articles and the analysis of literature search are summarized in the following section.  
2.1. Smoking 
Tobacco has been used in various shapes and forms by humans for centuries. However, its 
effects on human health were studied and reported in the 19th century. In 1950, four 
retrospective studies highlighted primary and conclusive evidence of effect of smoking on 
health of lungs cancer patients (Doll & Hill 1950, Levin et al. 1950, Schrek et al. 1950, Wynder 
& Graham 1950). The first longitudinal study of this association showed increased death rates 
among cigarette smokers with a dose-response relationship (Hammond & Horn 1954). 
Smoking has been identified as a major cause of heart disease, stroke, peripheral vascular 
disease, chronic obstructive pulmonary disease, cancers of the oral cavity, larynx, oesophagus, 
lung, stomach, kidney, bladder, pancreas, cervix and probably others. Smoking largely 
contributes to other auxiliary problems like impaired fitness, skin ageing with wrinkles 
prematurely, osteoporosis, infertility in both males and females, ectopic pregnancy, abortion 
and complications in surgery, hypertension and diabetes (USDHHS 2010, 2014).  
2.2. Periodontal disease 
Periodontal disease is characterized by inflammation of gum and alveolar bone that plays 
pivotal role in support and anchor of teeth (Savage et al. 2009). Bacteria and host factors initiate 
and propagate this multifactorial condition (Kinane 2001). There are a number of periodontal 
diseases; however, chronic periodontitis in adults emerges as the one with most public health 
implications. Chronic periodontitis is the most advanced form of the disease, but the pace of 
progression is comparatively slow in most people. The bacterial infection caused by pathogenic 
microorganisms results in inflammation in most forms of periodontal diseases. The other 
contributing factors for these diseases are genetic and environmental (AAP 2014). 
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Epidemiological studies on prevalence of periodontal diseases are mostly dependent on the case 
definition. Till recent years, to define a case of periodontitis, there have been different case 
definitions with less uniformity. To overcome this, American Academy of Periodontology 
(AAP) and US Centre for Disease Control (CDC) have acceded to propose uniform case 
definition of periodontitis. The AAP/CDC classification given by Page & Eke (2007) has been 
continually adopted as standard and uniform case definition for moderate and severe 
periodontal disease. 
Table 1: Periodontal disease classification proposed by Page & Eke in 2007 
Case Definition 
Severe Periodontitis ≥2 interproximal sites with clinical attachment level ≥6 mm (not 
on same tooth) and ≥1 interproximal site with probing depth ≥5 
mm 
Moderate Periodontitis ≥2 interproximal sites with clinical attachment level ≥4 mm (not 
on same tooth) or ≥2 interproximal sites  with probing depth ≥5 
mm (not on same tooth) 
No/Mild Periodontitis Neither Moderate periodontitis nor Severe periodontitis 
 
2.2.1. Prevalence and distribution of periodontal disease 
Clinical assessment of periodontal attachment has been used to measure the prevalence of 
periodontitis in adult population (Beck et al. 1990, Papapanou et al. 1990, Salonen et al. 1991, 
Locker & Leake 1993, Slade & Spencer 1995, König et al. 2010). 
Distribution of periodontal disease in different populations is summarized in Table 2. 
Considering the confinement of the present study, only major studies using probing depth or 
attachment levels were included. 
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Table 2: Previous studies showing prevalence & distribution of periodontal conditions among different population 
Study Authors          
and Place 
Study Methodology Study Results 
Eke et al. 2012,2015 
(United States) 
Total sample of 3742 aged 30 years or older were 
examined. AL & PD were examined at 6 sites/tooth. 
AAP/CDC case definitions were used for periodontal 
examination. In 2015, combined data of 2009–2010 & 
2011–2012 of NHANES survey was included. 
64.7 million adults had periodontitis as 8.7%, 30%, 
and 8.5% with mild, moderate, and severe 
periodontitis resp. 56% and 18% of the adult 
population had 5% or more periodontal sites with ≥ 3 
mm AL & ≥4 mm PD resp. In 2009–2012, 8.9% had 
severe periodontitis & 3.8% sites had PD ≥4 mm. 
Holtfreter et al. 2009 
(Germany) 
Total sample of 3557 aged 20–81 years of age were 
examined. Assessed 4 surfaces per tooth using a half mouth 
recording protocol. Prevalence of AL was ≥3 mm on at 
least 1 site/tooth. Severe: ≥2 sites with AL ≥6 mm & PD 
≥5 mm. Moderate: ≥2 sites with AL 4 mm & PD ≥5 mm. 
Prevalence of AL ≥3 mm was 89.7% & 62.7% of 
teeth were affected. 69.7% of subject had PD ≥4 mm 
& 29.6% of teeth were affected. 25.3% had ≥6 mm 
PD. More significant among males and increases with 
age. 17.6% & 33.33% had severe and moderate 
periodontitis resp. 
Baelum et al. 2003 
(Thailand) 
Total sample of 359 aged 30–39 and 50–59 years of age 
were examined. PD assessed by six sites of all teeth 
present. Percentages of sites with AL ≥1 mm, ≥4 mm, ≥7 
mm and PD ≥4 mm and ≥7 mm were included. 
Prevalence of AL ≥4 mm was 92% (30–39), 100% 
(50–59). Average of sites affected in 2 age groups 
(30–39, 50–59) were 23.9% & 63.9% respectively. 
PD ≥4 mm was 84% (30–39), 93% (50–59). Buddhist 
faith had high % of site with AL ≥4 mm. 
Albandar et al. 1999 
(United States) 
Total sample of 9689 dentate person aged 30–90 years of 
age were examined. AL & PD assessed at 2 sites/tooth 
(mesio-buccal & mid-buccal surfaces). Mild: 1 or more 
teeth ≥3 mm PD; Moderate: 1 or more teeth ≥5 mm PD; 
Advanced: 2 or more teeth ≥5 mm PD.  AL ≥3 mm were 
considered active destruction of periodontal tissues. 
Prevalence of AL ≥3 mm was 53.1% (30–90 yrs), 
average 19.6% of teeth/person were affected. 
Prevalence of PD ≥3 mm was 63.9%, average 19.6% 
of teeth/person affected. 35% had periodontitis 
(21.8% mild, 12.6% moderate or severe). Black and 
Mexican had more AL. Prevalence increase with age 
& more prevalent in males. 
Soder et al. 1994 
(Sweden) 
Total sample of 1681 aged 31–40 years of age were 
examined. Full mouth assessment with PD recorded by 
examine 6 sites/tooth. Tooth with one or more sites with 
PD ≥5 mm were recorded. 
4.9% had 1 tooth with PD ≥5 mm, 6.7% had 2–5 
teeth, 2.4% had 6–9 teeth and 3.2% had ≥10 teeth. 
Men had higher PD. Calculus, smoking and dental 
visits were correlated with PD ≥5 mm. 
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2.3. Effect on the pathogenesis of periodontal disease 
2.3.1. Smoking and periodontal pathogen 
It was reported that smokers had higher plaque index, but the average number of bleeding sites 
was less in smokers than in non-smokers (27% vs 40%) (Preber & Bergström 1985). Results of 
microbiological studies showed higher prevalence of periodontal pathogens such as 
Porphyromonas gingivalis, Tannerella forsythia, Prevotella intermedia, Fusobacterium 
nucleatum and Aggregatibacter actinomycetencomitans (Zambon et al. 1996).  
Subgingival pathogenic microorganisms are associated with destruction of periodontal tissues. 
Tannerella forsythia and Porphyromonas gingivalis, anaerobic in nature, are positively linked 
with loss of attachment (Grossi et al. 1994). Contrary to this, some authors proclaimed no or 
little difference between smokers and non-smokers regarding detection of subgingival 
pathogenic microorganisms (Stoltenberg et al. 1993, Darby et al. 2000, Apatzidou et al. 2005, 
Salvi et al. 2005). However, recent studies using real time Polymerase Chain Reaction (PCR) 
showed positive association between extent of smoking and amount of bacteria with increasing 
probing depth (Gomes et al. 2006, Teixiera et al. 2009) and thus, refuting the claims made in 
favor of non-existence of any relation between smoking and periodontal pathogen.  
2.3.2. Smoking and host response 
Alteration in composition of subgingival plaque leads to imbalance between subgingival 
microbiota and host response due to rise in virulence of pathogenic organisms. Protective 
elements of the immune system are severely affected by smoking and this results in rise in the 
extent and severity of periodontal tissue destruction. The down-regulation of the immune 
response caused by periodontal pathogen is attributable to the detrimental effect of smoking 
(Ryder 2007). Smoking impairs the chemotaxis and phagocytosis of neutrophils in oral flora 
and in turn increase the number of T cells in the periodontal tissues (Hanes et al. 1991, Loos et 
al. 2004). Reduction in production of antibody required for phagocytosis and killing of 
pathogen has been reported, in particular lgG2 levels to pathogens has been declined in case of 
smokers compared to non-smokers (Gunsolley et al. 1997, Quinn et al. 1998, Califano et al. 
1999). This advocate reduction in protection and impaired immune response against periodontal 
infection among smokers.  
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2.4. Smoking and periodontal deterioration 
Smoking emerges as one of the major risk factors that initiate and progress the periodontal 
disease (Bergström & Preber 1994, Grossi et al. 1994, 1995, Haber 1994, Krall et al. 1997). 
Epidemiological studies have shown the association between smoking and periodontal disease; 
however, the mechanisms that contributes to pathogenesis of periodontal disease are yet to be 
fully understood (Neto et al. 2012). Still, the evidences obtained from cross-sectional and 
longitudinal studies reported the causal role of smoking in the progression of periodontal 
diseases.  
In 1940s, the studies conducted at Danish Royal Marines, reported an association between 
smoking and acute necrotizing ulcerative gingivitis (Pindborg 1947, 1949). Another study, 
conducted on the similar lines, reported an increased occurrence of severe periodontal disease 
as well as an increased alveolar bone loss among smokers than non-smokers (Sheiham 1971). 
According to Kristoffersen (1970) and Ainamo (1971), a difference was observed in oral 
hygiene between smokers and non-smokers; non-smoking subjects having better oral health. 
By 1980s, epidemiological studies had reported the association between smoking and 
periodontitis after controlling variables such as plaque, calculus, age, gender and 
socioeconomic status (Johnson & Slach 2001).  
Further section goes through the epidemiological studies that showed association between 
smoking and periodontal disease.   
Results of the first United States National Health and Nutrition Examination Survey (NHANES 
I) showed the presence of higher level of plaque and calculus in smokers than non-smokers after 
adjusting for oral hygiene and other confounding variables. Moreover, smokers have greater 
periodontal deterioration than non-smokers (Ismail 1983). The NHANES III study conducted 
on 12,939 subjects, (18 years & older) showed that about half of periodontitis cases were either 
current smokers (41.9%) or former smokers (10.9%). After adjusting for age, gender, race, 
education, and income, current smokers were found to be 4 times more susceptible to 
periodontitis than non-smokers. The susceptibility for periodontitis among former smokers was 
1.68 times more than non-smokers (Tomar & Asma 2000). For residents of Tecumseh, 
Michigan; the progression of the loss of periodontal attachment level was examined during the 
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years 1959 and 1987 in a longitudinal case study. The changes in loss of periodontal attachment 
were classified as ≥ 2 mm vs < 2 mm, the factors associated with high risk of high attachment 
loss increased with smoking during the 28 years follow-up. Smokers (approximately 20% of 
those examined) reported the presence of six times higher odds of high attachment loss than 
non-smokers. Irregular dental visitors (approximately 20% of those examined) had a threefold 
higher risk of high attachment loss than regular visitors (Ismail et al. 1990).  
Goultschin et al. (1990) compared two groups (smokers and non-smokers) using a CPITN index 
in the study conducted on 344 subjects (aged 18–74) in Jerusalem, Israel. According to that 
study, females showed better periodontal health than males. Also, younger subjects were more 
periodontally healthier than their older counterparts. CPITN score of 3 among smokers showed 
deleterious effects of smoking on periodontal health. An average of 2.46 and 1.71 sextants with 
shallow periodontal pockets were observed among smokers and non-smokers respectively.  
A cross sectional study was conducted in Ontario, Canada during 1993. The study was 
conducted on 907 subjects aged 50 years or more. The periodontal status was assessed by means 
of attachment loss, extent and severity index. The independent variables were age, education, 
current smoking status and number of teeth. The results showed that 19.7 percent of subjects 
had an overall mean attachment loss of 4.00 mm or more. The proportion of sites examined for 
loss of attachment of 2 mm or more was 77 percent. The odds for severe periodontal disease 
was 2.9 with current smoking, 3.9 for age >75 years old and 2.0 for low education level (Locker 
& Leake 1993).  
The Erie County study that included 1,426 adults (age 25–74 years) also showed smoking to be 
associated with periodontal attachment loss. The study showed that OR for severe attachment 
loss in smokers ranged from 2.0 to 4.7 (Grossi et al. 1994). In line with the above study, Grossi 
et al. (1995) examined the risk indicators for alveolar bone loss in 1,361 subjects (age 25–74). 
The results showed the OR for more severe bone loss in smokers increased with increased 
amount of smoking from 1.5 to 7.3 (Grossi et al. 1995). Axelsson (1998) conducted a cross 
sectional study to examine association between dental status and smoking habits in Sweden. 
The study included randomized sample in the age group of 35, 50, 65 and 75. The study showed 
higher tooth loss in smokers than non-smokers. The differences with respect to attachment loss 
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between smokers and non-smokers (0.37, 0.88, 0.85 & 1.33 mm) in the 4 age groups were 
significant (p=0.001. p=0.0000. p =0.0000 and p=0.002) respectively.  
Another study conducted in New Zealand showed an association between smoking and 
periodontal status. In that study, prevalence, extent and severity scores were assessed among 
the three groups. The sample consisted of 240 participants as 81 current smokers, 79 former 
smokers and 80 non-smokers. According to that study, the current smokers had higher 
prevalence, extent and severity of attachment loss than non-smokers (Paidi et al. 1999).  
In Japan, a study was conducted by Ojima et al. (2006) to identify the relation between cigarette 
smoking and periodontitis. In that study, periodontitis was observed among 42.5% of the 
subjects. The prevalence of periodontitis was 49% among men and 38.3% among women. 
Current (47.3%) and former (49.5%) smokers had periodontitis whereas, the prevalence in non-
smokers was 39.3%. Based on the findings of that study, the authors suggested that among 
Japanese people the periodontal health deterioration was attributable to smoking habit.   
Findings of the above studies are in contradiction with the study by Preber et al. (1980) which 
reported no difference in pocket depth and bone loss between smokers and non-smokers. 
Further, the case control study conducted among 998 North Jordanian adult subjects (aged 20 
– 60 years) with 45% of smokers and 55% of non-smokers, showed significantly higher amount 
of plaque and calculus among smokers than non-smokers. However, no momentous difference 
was observed in parameters such as bleeding on probing and presence of shallow or deep 
pocketing (Taani 1997).   
Further studies that showed the relation between smoking and progression of periodontal 
disease are summarized in the following section.    
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Table 3: Prospective studies showing association between smoking and periodontal health 
Study Authors 
and date 
Study Methodology Study Results 
Thomson et al. 
2007  
(New Zealand) 
Total sample of 810 was examined at their 32nd year. PD: 
3 sites/tooth in mostly quadrant 1 & 3 using NIDR probe. 
2+ mm was considered a change in PD and AL. 
Long term smokers (OR: 7.1 with 1+ sites having 5+ 
mm LOA). 2/3rd of new cases between 26–32 years 
were attributable to smoking. 
Okamoto et al. 
2006  
(Japan) 
4 years follow-up. Total of 1332 samples (30–59 years of 
age) were re-examined. Subjects with CPI score of 3 or 4 
were considered periodontally diseased. 
High incidence of periodontal diseases among smokers 
(CPI ≥3). The dose-response relationship was found 
with age group and amount of smoking. 
Jansson & Lavstedt 
2002  
(Sweden) 
20 years follow-up. Total sample of 507 was included. 
Mean of marginal bone levels of total measured 
approximable surfaces was calculated. 
Smoking was significantly correlated to tooth loss over 
20 yrs. Significant increase in marginal bone loss in 
smokers by 50% between 1970 to 1990 ( p<0.001) 
Chen et al. 2001 
(China) 
10 years follow-up. 147 male smokers and 20 male 
smokers (20–59 years of age) were re-examined. For PD 
& AL: Full mouth 4 site/tooth assessment. Increase in AL 
≥3 mm over 10 years was assessed. 
Smoking had positive correlation with increasing 
probing depth, attachment loss and tooth loss 
(p<0.001). 
Bergström et al. 
2000  
(Sweden) 
10 years follow-up. Total of 101 sample (40–55 years of 
age) was re-examined. Measurements were taken 4 
site/tooth with 2 mm graduated probe. PD ≥ 4 mm was 
considered diseased. 
Current smokers had significantly higher frequency of 
diseases sites and altered periodontal bone height 
(p<0.001). 
Machtei et al. 1999 
(United States) 
Total sample of 415 (25–75 years of age) was re-
examined over a period of 2 to 5 years who had no disease 
at baseline. Measurements were taken at 6 sites/tooth, full 
mouth assessment except 3rd molar. 
Current smokers had significantly higher rate of disease 
progression as compared to non-smokers; mean annual 
attachment loss (0.19 mm) in smokers whereas in non-
smokers (0.10 mm).  
Norderyd et al. 
1999 
(Sweden) 
Total sample of 474 (20–60 years of age) was examined 
in 1973, 361were re-examined during 1988–1991. PD ≥ 
4 mm was recorded for all surfaces & >20 % bone loss at 
proximal site between 2 exams.  
Age (OR: 1.13), Smoking (OR: 20.25) & % pocket ≥ 4 
mm (OR: 1.15) were significantly associated with 
disease progression (>20% bone loss proximally 
between 2 examination). 
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Table 4: Cross- sectional studies showing association between smoking and periodontal health 
 
 
Study Authors and 
date 
Study Methodology Study Results 
Costa et al. 2013 
(Brazil) 
 
Total sample of 705 (aged 35–65 years of age) was 
examined. Full mouth assessment at 4 sites/tooth; AL 
was considered as ≥3 mm in ≥2 non-adjacent teeth & ≥ 
5 mm in ≥ 30% of teeth.  
Rates of periodontitis among NS, FS and CS were 
25.6%, 29.3% and 45.1% respectively. OR for 
periodontitis: CS (5.24) and FS (3.09) as compared to 
NS. 
Do et al. 2008 
(Australia) 
Data was collected from NSAOH. Total sample of 3161 
(aged 15 years or more) was examined. PD measured at 
3 site/tooth; Mod–severe case was considered as ≥2 
interproximal sites (not on same tooth) ≥4 mm AL. 
Current and former smoker had significantly higher 
prevalence of periodontitis. PR: FS had 1.22), MS had 
1.63 and HS had 1.64. PAF of smoking for moderate 
– severe disease was 32%. 
Susin et al. 2005 
(Brazil) 
Total sample of 853 (aged 30 years or more) was 
examined. Full mouth exc. 3rd molar; 6 sites/tooth 
assessment. PD ≥5 mm were considered diseased. 
Significant higher occurrence of PPD ≥5 mm among 
smokers; dose-dependent relationship was observed; 
PPD ≥5 mm was associated with age ≥40 years, 
moderate to heavy smokers (RR: 2.0, 6.8 resp.) 
Hyman & Reid 2003 
(United States) 
Nationally representative sample of 12,325 (20–49 years 
of age) were included. Full mouth exc. 3rd molar; mesio-
buccal and mid-buccal in 2 randomly selected quadrant. 
PD: 20–49 years (≥1.58 mm), 50 years (3.39 mm). 
OR: 18.55 and 25.64 with current smoking for a mean 
LOA of 3 mm or more and 4 mm or more respectively. 
Adjusted PAF was 60% with LOA (1.58 or more) due 
to current smoking. 
Amarasena et al. 2002 
(Sri Lanka) 
Total sample of 2178 males (aged 20–60 years of age) 
were examined. Full mouth exc. 3rd molar; 4 site/tooth 
assessment using brodontic pressure controlled 
periodontal probe. Severity of disease measured by LA. 
Overall periodontitis was significantly higher among 
smokers (1.39 ±1.44) in bivariate analysis. Quantified 
tobacco use was significant with LA regardless of 
PLI, SES and age. 
Martinez et al. 1995 
(Spain) 
Total sample of 889 (aged 21–76) was examined. 
Periodontal parameters: GR, PD, PAL, M. Full mouth 
exc. 3rd molar; 6 sites/tooth assessment. 
Dose-response effect on GR, PD, PAL and tooth 
mobility (M) was observed with daily smoking. Each 
cigarette increases PD by 0.3%, PAL by 0.5%. 
22  
  
Table 5: Case-control studies showing association between smoking and periodontal health
Study Authors and 
date 
Study Methodology Study Results 
Wahadni & Linden 
2003  
(Jordan) 
 
Total sample of 200 (100 smokers. 100 non-smokers) 
aged 20–35 years of age was examined. Average 24.8 
(SD: 14.2) cigs/day for 5.5 (SD: 2.2) years; Mean PD 
& subjects >10 with ≥4 mm were considered.  
The smokers had higher mean PD (2.51±0.7) than non-
smokers (1.92±0.5). The unadjusted OR for smoking 
with (> 10 pockets with PD ≥4 mm was 3.08 (95% CI: 
1.58–6.03). 
Bergström 2003 
(Sweden) 
Total sample of 375 (133 smokers, 242 non-smokers) 
aged 20–68 years of age was examined. Mean cigarette 
consumption 12.4–15.5 cig/day for 19.4–24 years; 
pocket frequency cut-off levels ≥5 mm 
1% of periodontal pocket ≥5 mm, the prevalence in 
smokers was approx. twice as compared to non-
smokers (OR: 3.0). 15% of pockets ≥5 mm with heavy 
smoke exposure (OR: 9.8–20.3) 
Calsina et al. 2002 
(Spain) 
Total sample of 240 (120 smokers, 120 non-smokers) 
aged 20-71 years of age was examined. Smoking 
exposure 1–10, 11–20, 21–30, >30 cig/day for ≥ 10 or 
≤ 10 years; six sites/tooth assessment. 
Smokers had 2.7 times risk having periodontal 
disease. Increased PD (3.5±0.5) and AL (4.5±0.9) 
were found.  
Kerdvongbundit & 
Wikesjo 2000 
(Thailand) 
Total sample of 120 (60 smokers, 60 non-smokers) 
aged 31-60 was examined. Average 16.8 +/– 3.8 
cigarettes daily for 21.4 +/– 5.7 years. PD (0–3,4–6, ≥6 
mm) at 2nd mandibular molar buccal furcation area 
Smoking was significantly associated with increased 
PD, AL, GR, furcation involvement and tooth 
mobility. PD 5.1± 0.9 mm; AL 4.1±1.1 
Stoltenberg et al.1993 
(United States) 
Total sample of 615 (63 smokers, 126 non-smokers) 
aged 28–73 years of age was examined. Average of 
16.6 (SD: 11.8) cig/day was included. Mean proximal 
probing depth ≥3.5 mm was considered 
Mean PD (≥3.5 mm) 5 times more among smokers; 
stronger risk indicator (smoking) for posterior 
proximal PD (≥3.5 mm). OR: 5.3; (95% CI: 2.0–13.8). 
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2.5. Effect of smoking on gingival tissues 
2.5.1. Oxygen tension in the gingival tissues 
It was reported that impairment of oxygen delivery to gingival tissue may be the cause of 
vascular dysfunction. Smokers showed reduced oxygen sufficiency in healthy gingiva and less 
adaptability to the function in inflamed gingiva than non-smokers (Hanioka et al. 2000a). The 
periodontal pocket oxygen tension to gingival oxygen saturation of hemoglobin was highly 
correlated in non-smokers; whereas the correlation was absent in smokers (Hanioka et al. 
2000b). There are few studies that have been discussing the importance of oxygen tension in 
periodontal pocket. According to Loesche et al. (1983), periodontal pocket microbial 
composition is defined by a spectrum of oxygen tension in deep periodontal pocket and 
according to the study by Mettraux et al. (1984), deeper periodontal pockets contain less oxygen 
than moderately deep periodontal pockets.  
2.5.2. Smoking and gingival inflammation 
Smokers have less distinct clinical signs of inflammation than non-smokers (Bergström & 
Preber 1986, Danielsen et al. 1990). The gingival crevicular fluid flow, gingival vasculature 
and bleeding on probing are less pronounced in smokers than non-smokers (Bergström & Preber 
1986). Findings of the above studies suggested the presence of significant changes in the 
gingival vasculature of smokers than non-smokers. These alterations lead to reduction in blood 
flow and thus, clinical signs of inflammation are less visible during the progression of disease 
among smokers. 
2.5.3. Smoking and gingival bleeding 
Some previous studies observed less gingival bleeding among smokers than non-smokers 
(Bergström & Floderus 1983, Palmer et al. 2005). The same observations were also found in a 
comparative study consisting of 10 heavy smokers (≥20 cigarettes/ day) and 10 non-smokers 
with similar level of periodontal disease (Preber & Bergström 1985). Further, a study by 
Bergström & Bostrom (2001) showed reduced bleeding on probing among smokers. The 
reduced gingival bleeding could be attributable to the masking effect of smoking on gingival 
inflammatory symptoms, providing smoker a false sense of healthy gingiva. The pro-
inflammatory cytokines such as interleukin-1 and their expression upregulates by smoking and 
this contributes to increased tissue destruction and alveolar bone loss (Loos et al. 2004). 
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Figure 1: Flowchart showing smoking contribution to periodontal tissue deterioration  
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2.6. Smoking and periodontal disease pattern among the Finnish population 
In past, Finland has been the country with highest rates of cigarette smoking. The smoking 
prevalence was very high in the beginning of 1950s, when about 80% of adult men and 13% of 
women smoked. In 1960s, 60% of men and 15% of women smoked in Finland. After this period, 
the smoking declined in men but increased in women (Martelin 1984). The figure changed to 
35% of men and 20% of women by 1977 (Statistics Finland 2001). Low smoking prevalence, 
both in men (29%) and women (18%), as compared to other European countries, along with 
decreasing smoking frequencies among men and women were observed. Since 1970, the 
decrease is mainly attributed not only to growing number of quitted-smokers among middle-
aged and elderly men but also to the increasing numbers of premature deaths among smokers 
(Aromaa & Koskinen 2004).  
According to the Health 2011 Survey, the proportion for daily smokers has decreased from 
2000–2011, reaching about 17% for men and 14% for women who were daily smokers in 2011. 
The amount of occasional smokers remained at 7% and 4 % for men and women respectively. 
Thus, 76% of men and 82% of women constituted non-smoking population. The results 
indicated a sharp decrease in smoking proportion in all age groups among both men and women. 
The highest decrease in smoking compared to the Health 2000 Survey had been reported in the 
men in the age group 65–74 (Koskinen et al. 2012). 
In past 20 years, the oral health status has improved in Finland, still oral health related problems 
are present. As per the data provided in the Health 2000 Survey, 64% of the population had 
periodontitis, with 1 or more tooth having a pocket of ≥4 mm, ranging from 48% (youngest age 
group) to 70 % percent (oldest age group), reflecting periodontal problems in two out of three 
adults. The percentage of men and women who had ≥1 tooth with a pocket of ≥4 mm was 72% 
and 57% respectively. Overall the prevalence of periodontal diseases has declined from 98% 
(1982–1983) to 64 % (2000–2001) among adults. Further, socioeconomic status and lifestyle, 
such as smoking, were linked with oral health behaviors (Suominen-Taipale et al. 2008). 
According to the Health 2011 Survey, 57% males and 43% females had at least 1 periodontal 
pocket ≥4 mm. These changes suggested an improvement in the periodontal health status of 
adults during 2000–2011 (Koskinen et al. 2012). 
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20 years earlier, the Finnish Social Insurance Institution conducted a comprehensive study as a 
part of Mini-Finland Health Survey. That study aimed to assess the effect of smoking on 
periodontal condition in the Finnish adult population. According to that study results, non-
smokers had less severe periodontal disease than smokers. Further, for smokers, the risk ratio 
for having one or more periodontal pocket was 1.39. The risk increased with age in case of 
smokers with periodontal pockets and there was a relation between the number of cigarette 
packages and periodontal pockets. The proportion of subjects with periodontal pockets was 
75.4% among non-smokers, among smokers who smoked less than one package was 79.7% and 
who smoked one package or more was 83.5%. After controlling the confounding factors, the 
association between smoking and periodontal status was not significant. Considering only the 
subjects with deep pockets, it was observed that the depth of periodontal pockets was 
independent of smoking but significantly dependent on the age. The findings of that study 
reported that smoking did not significantly affect the periodontal condition (Markkanen et al. 
1985). Hence, to understand the relation between smoking and periodontal disease, more 
concrete and substantive information is needed. 
2.7. Serum/Salivary cotinine concentrations and periodontal disease 
2.7.1. Validation of self-reported smoking by cotinine levels   
Self-reported smoking status acts as a base information collecting parameter to understand the 
relation between smoking and periodontal disease. However, in many cases, the self-reported 
smoking status may be inaccurate, thus endangering the validity of the study.  
Nicotine is one of the most important components of tobacco and has a half-life of around 30 
minutes. Nicotine converts into cotinine which has a half-life of about 20 hours (Armitage et 
al. 1975, Benowitz 1996). A minor fraction of the generated cotinine is excreted by kidneys and 
remaining amount further metabolizes to more polar water soluble substances. Measurement of 
cotinine provides certain advantages compared to nicotine measurement; at first, cotinine is 
present in higher concentration; secondly, cotinine level remains relatively constant among 
active smokers over longer durations. Hence, cotinine level measurement can be used as a 
method for monitoring smoking behavior. Further, cotinine measurement enables the estimation 
of degree of passive and active exposure to tobacco (Langone & Van Vunakis 1975, Benowitz 
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et al. 1983, Curvall & Enzell 1986). Since the serum concentration directly relates to tobacco 
exposure, measurement of serum cotinine is a more reliable measure (Scott et al. 2001).  
According to previous studies, the differentiation between smokers and non-smokers can be 
achieved by the measurement of cotinine in the urine, saliva or serum. The serum or saliva 
levels of cotinine in active smokers are higher than 15 ng/ml and in some cases, this escalates 
up to 500 ng/ml. However, in non-smokers who are not exposed to passive smoking have 
cotinine levels of less than 1 ng/ml. In case of high exposure to passive smoking, the cotinine 
levels fall in the range of 1–15 ng/ml (CDC 2001). To differentiate active smokers from non-
smokers, a cut-off point between 10–20 ng/ml is widely accepted (Wagenknecht et al. 1992, 
Carabello 2001, Vartiainen et al. 2002). Since there is an overlap between non-smokers with 
high exposure to passive smoking and occasional smokers, the cut-off between the current 
smokers and non-smokers is somewhat discretionary (Rebagliato 2002). The estimated 
misclassification rate that depicts the proportion of self-reported non-smokers who had higher 
serum cotinine levels ranged from 0.9% to 9.8% in 11 studies that compared smoking status 
with cotinine measurements (Perez-Stable et al. 1992).  
2.7.2. Studies related to cotinine levels and periodontal disease 
A study conducted by Gonzalez et al. (1996) showed an association of serum cotinine level with 
the severity of periodontal attachment loss. The differences in mean cotinine levels were 
significant between smoking and non-smoking group (p=0.0001). The severity of periodontal 
attachment loss was positively associated with serum cotinine levels for both parameters of 
periodontal diseases i.e. clinical attachment level (p=0.005) and bone crest height (p=0.008). 
Similar observations were found among Japanese workers (aged 18–62 years), the active (8 
ng/mL) and passive smokers (1 to 7 ng/mL) had greater prevalence of periodontal disease as 
compared to non-smoking (insignificant levels of salivary cotinine) workers (Yamamoto et al. 
2005).  
Leow et al. (2006) studied smoking behavior, plasma cotinine levels, and measures of 
periodontitis severity in 135 adults from moderate to advanced periodontitis. According to that 
study, periodontitis was found at younger age among smokers than non-smokers. Further, 
severity of periodontitis was related to cigarettes smoked per day and plasma cotinine levels.   
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Tanaka et al. (2013) assessed the relation between salivary cotinine concentrations and the 
prevalence of periodontal disease among young Japanese women. The study revealed the 
existence of positive association between salivary cotinine concentration and the prevalence of 
periodontal disease among young women in Japan.  
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2.8. Summary 
Analysis of the literature carried out over the past few decades leads to the following 
conclusions:  
 The risk and prevalence of periodontitis is higher among adult smokers as compared to 
adult non-smokers  
 Other parameters like decreased periodontal bone height, advanced gingival recession, 
probing depth, periodontal attachment loss, furcation involvement and tooth mobility 
are also more common among smokers than non-smokers 
 After adjustment for potential confounders such as age, gender, plaque level, smoking 
is still associated with an increase in probing depth, clinical attachment loss and 
reduction in alveolar bone levels 
 The strength of association changes with different case definition of periodontitis 
 Convenience sampling can result in under-representation or over-representation of the 
specific group present in the sample 
 Studies focusing on the relation between serum cotinine and periodontal health are very 
limited and have provided inconsistent results 
 The estimation of serum cotinine cut-off point differs among different studies 
 Some studies did not show the relation between smoking and periodontal health   
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3. OBJECTIVES OF THE STUDY  
In general, the aim of this study was to investigate the association between smoking and 
periodontal health in a longitudinal setting. 
3.1. Specific objectives  
 To study the association between self-reported smoking and periodontal health status 
 To study the association between serum cotinine levels and periodontal health status, by 
employing quantitative measurement of this biochemical marker for assessment of 
smoking levels  
 To measure the validity of serum cotinine levels in relation to self-reported smoking 
status  
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4. RESEARCH METHODOLOGY  
4.1. The Health 2000 Survey 
In 2000–2001, National Public Health Institute (currently THL — National Institute of Health 
and Welfare) conducted a national survey known as the Health 2000 Survey. The survey was 
conducted to obtain an up-to-date information on the various public health problems present in 
Finland. The survey was also focused to study the causes and treatments of these public health 
problems along with population’s functional and working capacity. To accomplish the above 
mentioned objectives, nationally representative sample was taken (Aromaa & Koskinen 2008). 
The documentation of the current disease burden and disease trend over time was feasible by 
combining the Health 2000 Survey and other previous studies conducted on the similar lines in 
Finland. Special impetus was given on collecting the information regarding the socio-economic 
status and risk status for dental disease. Identifying the group at greatest risk was possible since 
the survey consisted information from various demographic groups. The survey formed a good 
foundation for a better and more accurate study among adult population in relation to 
periodontal health status (Heistaro 2008). 
4.1.1. Sampling design 
The sampling design for the survey was developed by THL research team in association with 
Statistics Finland experts. The whole survey was based on stratified two stage cluster sampling 
design. The two stage cluster sampling was implemented so that the main demographic 
distribution of Finnish population could be reflected in the survey sample and the survey data 
could be collected at reasonable cost (Heistaro 2008). 
4.1.2. Preparation procedures 
The examination process for the survey was composed of two phases. In the first phase, home 
visit interviews were conducted and in second phase, the health examinations were conducted. 
In some cases, the subjects had difficulties in attending the health examination then in those 
cases, home (or an institution) examination was conducted in less extensive manner. 
Considering the few exceptions, the main source of the respondents’ was through interviews, 
questionnaires and health examinations (Heistaro 2008). 
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4.1.2.1. Oral health interview 
In oral health interview, the subjects were requested to provide the information about current 
dental status and possible dental care along with provisioning of information with regard to 
experience of any pain or problem in last 12 months (Suominen-Taipale et al. 2008).  
4.1.2.2. Clinical oral examination 
During clinical oral examinations, WHO guidelines (WHO 1980, 1997) and the methods 
adopted in standard clinical practice were followed. A dental chair, saliva suction, syringe, a 
headlamp as light source, a mouth mirror and the WHO periodontal probe were part of the 
standard dental unit and the examination was carried out by 5 dentists. The examination had an 
observation on alteration in oral mucosa, dental plaque, the number and site of remaining teeth 
and health status of the teeth and periodontium. The examination included all the teeth surfaces 
and corresponding findings were marked and recorded (Suominen-Taipale et al. 2008, Heistaro 
2008). 
4.1.2.3. Clinical assessment: Periodontal health status 
The basic parameter to determine the periodontal status was the depth of periodontal pockets 
with exemption of third moral and residual tooth. The examination started from the ‘most 
posterior tooth in the upper right quadrant to the most posterior tooth in the lower left quadrant’. 
For measurement purposes, WHO periodontal probe (Plandent Oyj, no.19577) with a ball end 
and markings at 3.5 and 5.5 mm was used. A force of 20 g was used and a letter scale was used 
to grade the applied force. The depth of periodontal pocket measurement around each tooth was 
done at four points – ‘distal angle, midpoint on the buccal side, midpoint on the lingual side 
and mesial angle’. Three categories ‘no deepened periodontal pocket’, ‘4–5 mm pocket’ and ‘6 
mm pocket or deeper’ were used to record the measurement of periodontal pocket (Suominen-
Taipale et al. 2008). 
4.2. The Follow-up Study on Finnish Adults’ Oral Health 
During 2004–2005, a follow-up study was conducted that collected data from the participants 
of the Health 2000 Survey. That longitudinal study aimed at determining the short-term effects 
of the reform on clinically determined oral health. The participants who had participated in the 
baseline health examination were re-invited for follow-up study. The repeat examination was 
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structured in the same manner as the baseline examination. The steps and procedure adopted 
during the Follow-up Study on Finnish Adults’ Oral Health were same as that of the Health 
2000 Survey. Further, the clinical oral examination and inquiry regarding the use of dental 
services was identical in the follow-up study as well. These examinations were carried out by 
one of the dentist from the same lot of the earlier survey conductor (Kanhai et al. 2014).   
4.3. Examiner calibration 
In the Health 2000 Survey, the kappa values for inter-examiner reliability and intra-examiner 
reliability for the periodontal pockets were 0.41 (Suominen-Taipale et al. 2008) and 0.83 
respectively (Suominen-Taipale et al. 2004). 
4.4. Study population 
The subjects considered during the survey were people residing in mainland Finland with age 
30 years and older. A total of 8028 subjects, aged 30 years or older were selected to determine 
the prevalence of health problems by various demographic groups (Aromaa & Koskinen 2004). 
Out of the sample data, 6335 subjects (79%) had clinical oral examination and 5389 (85%) of 
these were dentate (Suominen-Taipale et al. 2008).  
The follow-up study included 2000 subjects, randomly selected, who had participated in the 
Health 2000 Survey. Exclusion criteria was edentulous, died, logistic reasons and sampling on 
< 15 subjects in health centre districts. The remaining sample size had 1248 subjects who were 
re-invited for oral health examination. Out of them, 1049 subjects participated in the follow-up 
examination (84%) (Kanhai et al. 2014). The follow-up study spanned for about 4 years (mean: 
1504 days; range: 1327–1696). This present study is based on 294 dentate adults who were non 
diabetic, having no indication of inflammatory disorder (rheumatoid arthritis) and had no 
periodontal pocket at baseline with complete data on the variables selected for analysis.  
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Figure 2: Flowchart showing determination of study population for the present study 
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4.5. Study variables 
4.5.1. Exposure 
4.5.1.1. Smoking history 
Smoking as the main exposure was recorded as self-reported smoking history through baseline 
home interviews.  
 To get the required information pertaining to the smoking history, the questions 
recommended by WHO (Heistaro 2008) were asked: ‘have you ever smoked?’, ‘have you 
ever smoked regularly (i.e. daily for at least 1 year)?’, ‘have you smoked at least 100 times?’ 
and ‘when did you last smoke?’ 
 Quantization of smoking status was done and subjects were categorized in the following 
groups: Daily smoker, Occasional smoker, Quitted, Non-smoker. The definition of daily 
smoker is similar with WHO recommendations (WHO 1998) which consisted of the 
subjects who reported smoking at least 100 times in their lifetime with regularity for at least 
1 year and most recently the day of the survey or the previous day (Helakorpi et al. 2000). 
An occasional smoker is a person, who reported smoking at least 100 times in their lifetime 
but last time smoked 2 days to 1 month before the day of the survey. A quitter is a person 
who reported smoking at least 100 times in their lifetime but last time smoked more than 1 
month before the day of the survey. A non-smoker is a person who, at the time of the survey, 
does not smoke at all. The amount of daily smoking/level of tobacco consumption was 
categorized into four categories: (0 cigarettes per day, 1–9 cigarettes per day, 10–19 
cigarettes per day and 20+ cigarettes per day).  
4.5.1.2. Serum cotinine 
Cotinine concentrations was determined from serum samples collected at baseline and stored 
at –20°C (Aromaa & Koskinen 2008). For serum cotinine levels, optimal cut-off point of 42.0 
µg/l was used to separate smokers from non-smokers.  
4.5.2. Outcome 
The outcome measure for the present study was the number of teeth with periodontal pocket of 
≥4 mm in the follow-up examination. 
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4.5.3. Confounders 
 
4.5.3.1. Socio demographic factors 
 Age & Gender: Self-reported. The form completed by the subject was used to obtain the 
information. Age was used as a continuous variable in the present study.  
 Education: Level of education was based on the data collected during the health interview. 
The subjects were categorized into three groups: basic (completed vocational course and on 
job training/No matriculate exam), secondary (completed vocational school but on job 
training/passed matriculate exam) and higher education (completed degree from vocational 
institute/polytechnic/university) 
4.5.3.2. Behavioral  factors 
 Tooth Brushing Frequency: Self-Reported. To gather the pertaining information, the 
subjects were asked, ‘How often do you brush your teeth?’ and the response options were: 
a) ‘more often than twice a day’, b) ‘twice a day’, c) ‘once a day’, d) ‘less often than once 
a day’ and e) never. For the present study, the tooth brushing frequency options were 
dichotomized by adding first two options and last three options as ‘twice a day or more’ 
and ‘once a day or less’. 
 Dental Attendance Pattern: Self-Reported. The subjects were accounted their pattern of 
dental attendance in three options as (‘never’, ‘only for emergencies’, ‘regularly for check-
ups’). For the present study, dental attendance pattern were dichotomized by adding first 
two options as ‘only for emergencies/never’, ‘regularly for check-ups’. 
4.5.3.3. Oral factors 
 Plaque Accumulation: A modifying version of the scale developed by Silness and Löe 
(1964) was used to measure the dental plaque. The measurements were recorded from the 
‘buccal surface of the last tooth in the upper right quadrant, the lingual surface of the last 
tooth in the lower left quadrant and the labial surface of the canine tooth’ (Suominen-Taipale 
et al. 2008). Three categories: ‘no plaque’, ‘marginal plaque only’ and ‘plaque also 
elsewhere’ were used to record plaque accumulation. 
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4.6. Statistical analysis 
The statistical analyses was performed using the IBM SPSS for Windows version 20 (SPSS 
Inc., Chicago, IL, USA 9). Descriptive statistics and cross tabulations were used to assess the 
basic characteristics of the study. Correlation analysis was conducted using Spearman’s 
correlation test. The p-value <0.05 was considered significant.  
The receiver operating characteristics (ROC) curve analysis was used to find optimal cut-off 
point for serum cotinine levels to maximize the accuracy of classification between smokers and 
non-smokers. The Youden’ Index and bootstrap approach was used to identify standard error 
and CI of the cut-off point of serum cotinine levels. This was done by using software (MedCalc 
Software, Mariakerke, Belgium).  
Negative binomial regression was used to estimate incidence rate ratios (IRRs) as the data were 
overdispersed. The number of teeth at baseline was used as the offset variable. The modelling 
of the variables was first to assess the independent association between smoking and the 
development of periodontal pockets ≥4 mm during the follow-up (Model 1A). Further, the 
models were adjusted for confounding factors in a sequential way: age (continuous form) and 
gender (Model 1B); age (continuous form), gender and education (socioeconomic status) 
(Model 1C); age (continuous form), gender, education (socioeconomic status), plaque 
accumulation and dental behaviors (toothbrush frequency, dental attendance pattern) (Model 
1D). The same sequence of adjustments was followed to assess the association of amount of 
daily smoking and serum cotinine levels with deepened periodontal pockets (Models 2A–2D, 
3A–3D, 4A–4D). 
4.7. Ethical considerations 
The Health 2000 Survey and the Follow-up Study on Finnish Adults’ Oral Health had informed 
consent from the study subjects. These two studies had the approval of Ethical Committee for 
Epidemiology and Public Health of the Hospital District of Helsinki and Uusimaa. 
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5. RESULTS 
5.1. Description of the study participants 
The baseline characteristics of the study participants who participated in both surveys and who 
had no periodontal pocket at baseline are presented in Table 6.  
Table 6: General characteristics of the study participants 
*0 cigarettes/day included some cases from (occasional, quitted, non-smoker) who responded to amount of daily 
smoking 
Baseline Characteristics 
Total follow-up study 
population (n= 1049) 
n (%) 
Study participants with no 
periodontal pocket at 
baseline (n = 294) n (%) 
Gender   
Men 476 (45) 101 (34) 
Women 573 (55) 193 (66) 
Age   
Mean age (SD), years 48.7 (12.0) 44.5 (10.7) 
Education Level    
Basic 295 (28) 63 ( 21) 
Secondary 381 (37) 110 (38) 
Higher 368 (35) 121 (41) 
Smoking Status    
Daily Smoker 251 (24) 62 (21) 
Occasional Smoker 43 (4) 12 (4) 
Quitted 215 (21) 49 (17) 
Non Smoker 536 (51) 171 (58) 
Amount of Daily Smoking   
0 cigarettes/day* 560 (70) 178 (75) 
1–9 cigarettes/day 50 (6) 12 (5) 
10–19 cigarettes/day 99 (12) 28 (12) 
20+ cigarettes/day 98 (12) 20 ( 8) 
Serum Cotinine Levels   
< 42.0 µg/l 763 (73) 222 (76) 
≥ 42.0 µg/l 281 (27) 72 (24) 
Plaque   
Not at all 394 (38) 164 (56) 
Marginal 511 ( 50) 113 (38) 
also elsewhere 122 ( 12) 17 (6) 
Tooth brush frequency   
Once a day or less 333 (33) 95 (32) 
Twice a day or more 665 (67) 199 (68) 
Dental attendance pattern   
Only in emergencies or never 395 (39) 104 (35) 
Regular check-ups 606 (61) 190 (65) 
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The baseline profile of the study participants who did not develop or developed periodontal 
pocket of ≥4 mm after 4 years at follow-up are presented in Table 7. The participants with 
periodontal pockets of ≥4 mm were more likely to be males, less educated, daily smokers and 
had serum cotinine levels ≥ 42.0 µg/l. They had more plaque deposits and their mean (SD) age 
was 45.1 (10.5) years; being slightly older than the participants who had no periodontal pockets 
(Table 7).  
The baseline profile of the study participants according to self-reported smoking status, amount 
of daily smoking and serum cotinine levels are presented in Table 8. The participants included 
62 daily smokers with a mean (SD) age of 41.1 (7.7) years, 12 occasional smokers with a mean 
(SD) age of 39.1 (5.0) years, 49 quitters with a mean (SD) age of 47.8 (11.2) years and 171 
non-smokers with a mean (SD) age of 45.3 (11.4) years. Daily smokers were more likely to be 
males, less educated and had more plaque accumulation than non-smokers. 58% and 73% of 
the daily smokers went for regular check-ups and had brushed their teeth twice or more a day 
respectively (Table 8). 
Regarding amount of daily smoking (number of cigarettes/day), participants who smoked 20+ 
cig/day tended to be more males and less educated than non-smokers. They had more plaque 
deposits and less frequent dental attendance pattern than non-smokers. 55% of the participants 
who smoked 20+ cig/day had brushed their teeth twice or more a day. The mean age of the 
daily smokers (1–9, 10–19, 20+ cig/day) was slightly less than the non-smokers or non-daily 
smokers (0 cig/day) (Table 8). 
Considering the amount of serum cotinine levels, there were 222 participants with serum 
cotinine levels <42 µg/l with a mean (SD) age of 45.7 (11.3) years and 72 participants with 
serum cotinine levels ≥42 µg/l with a mean (SD) age of 41.0 (7.6) years. The participants who 
had serum cotinine levels ≥42 µg/l were more males, less educated and slightly younger than 
the participants who had serum cotinine levels <42 µg/l. They had more plaque accumulation 
and less frequent dental visit than the participants who had cotinine levels <42 µg/l (Table 8). 
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Table 7: Baseline characteristics of the study participants by incidence of periodontal disease 
after 4 years (n= 294) 
Baseline Characteristics 
All adults with no 
periodontal pockets of 
≥4mm after 4 years  
(n= 84) 
All adults with 
periodontal pockets of 
≥4mm after 4 years  
(n = 210) 
Gender (%)   
Men 25 38 
Women 75 62 
Age   
Mean age (SD), years 43.2 (11.3) 45.1 (10.5) 
Education Level (%)   
Basic 18 23 
Secondary 32 39 
Higher 50 38 
Smoking Status (%)   
Daily Smoker 13 24 
Occasional Smoker 7 3 
Quitted 17 17 
Non Smoker 63 56 
Amount of Daily Smoking*(n=238) 
(%) 
  
0 cigarettes/day 83 71 
1–9 cigarettes/day 6 5 
10–19 cigarettes/day 9 13 
20+ cigarettes/day 2 11 
Serum Cotinine Levels (%)   
< 42.0 µg/l 83 72 
≥ 42.0 µg/l 17 28 
Plaque (%)   
Not at all 67 51 
Marginal 32 41 
also elsewhere 1 8 
Tooth brush frequency (%)   
Once a day or less 23 36 
Twice a day or more 77 64 
Dental attendance pattern (%)   
Only in emergencies or Never 31 37 
Regular check-ups 69 63 
 *Most of the quitters and occasional smokers did not respond to amount of daily smoking (number of cig/day) 
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Table 8: Baseline characteristics of the study participants according to smoking status, amount of daily smoking and serum cotinine 
levels 
 
Baseline 
Characteristics 
Daily 
Smoker 
(n=62) 
Occasional 
smoker 
(n=12) 
Quitted 
(n=49) 
Non 
Smoker 
(n=171) 
0 
cigarettes 
per day 
(n=178) 
1–9 
cigarettes 
per day 
( n=12) 
10–19 
cigarettes 
per day 
(n=28) 
20+ 
cigarettes 
per day 
(n=20) 
< 42.0 µg/l 
(n=222) 
≥42.0 
µg/l 
(n=72) 
Gender (%)       
Male 40 25 57 26 27 25 39 50 33 38 
Female 60 75 43 74 73 75 61 50 67 62 
Age 
Mean age (SD), years 41.1 (7.7) 39.1 (5.0) 47.8 (11) 45.3 (11.4) 45.3 (11.2) 40.5 (8.1) 40.3 (8.1) 41.9 (7.0) 45.7 (11.3) 41.0 (7.6) 
Education (%)       
Basic 27 8 31 18 17 17 36 25 20 26 
Secondary 47 34 41 33 34 42 50 45 36 43 
Higher 26 58 28 49 49 42 14 30 45 31 
Presence of plaque (%)      
No plaque 53 58 55 57 57 50 57 50 56 55 
Plaque in gingival 
margins only 
36 42 37 40 40 50 25 40 40 35 
Plaque also elsewhere 11  0 8 3 3 0 18 10 4 10 
Tooth brushing 
frequency (%) 
      
Once a day or less 27 25 49 30 31 25 29 30 33 31 
Twice a day or more 73 75 51 70 69 75 71 70 67 69 
Dental Attendance 
Pattern (%) 
      
Only for 
emergencies/never 
42 17 43 32 32 58 36 45 32 44 
Regularly for check-ups 58 83 57 68 68 42 64 55 68 56 
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Table 9: No. of teeth with periodontal pockets ≥4 mm (Mean & SD) at 
the 4-year follow-up according to self-reported smoking status 
 
 
 
 
 
Table 10: No. of teeth with periodontal pockets ≥4 mm (Mean & SD) 
at the 4-year follow-up according to amount of daily smoking 
 
 
 
Smoking Status n (Total n= 294) Pocketing Mean (SD) 
Daily Smoker 62 6.05 (5.05) 
Occasional Smoker 12 2.25 (3.16) 
Quitted 49 3.65 (3.96) 
Non Smoker 171 3.32 ( 3.77) 
P – value  0.004 
Amount of Daily 
Smoking 
n 
(Total n= 238) 
Pocketing  
Mean (SD) 
20+ cigarettes/day 20 8.20 (4.87) 
10–19 cigarettes/day 28 5.50 (5.39) 
1–9 cigarettes/day 12 3.58 (3.42) 
0 cigarettes/day 178 3.40 (3.8) 
P – value  <0.001 
Figure 3 
Figure 4 
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Table 11: No. of teeth with periodontal pockets ≥4 mm (Mean & SD) at the 
4-year follow-up according to serum cotinine levels 
 
Serum cotinine 
levels (µg/l) 
n (Total n= 294) Pocketing Mean  
(SD) 
≥ 42.0 72 5.75 (4.96) 
< 42.0 222 3.31 (3.77) 
P – value  <0.001 
Figure 5 
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5.2. Frequency of the study participants with periodontal pockets ≥4 mm at the 4-year          
follow-up: 
The figures above showed number of teeth with periodontal pockets ≥4 mm at the 4-year 
follow-up according to smoking status, amount of daily smoking and serum cotinine levels 
(Figures 3,4,5 ) respectively.  
The mean (SD) number of teeth with periodontal pocketing ≥4 mm was 6.05 (5.05) in daily 
smokers, 2.25 (3.16) in occasional smokers, 3.65 (3.96) in quitters and 3.32 (3.77) in non-
smokers (Table 9). Similarly, the mean (SD) number of teeth with periodontal pocketing ≥4 
mm was 8.20 (4.87) in people who smoked 20+ cig/day, 5.50 (5.39) who smoked 10–19 
cig/day, 3.58 (3.42) who smoked 1–9 cig/day and 3.40 (3.8) who were non-smokers or non-
daily smokers (Table 10). The participants who had serum cotinine levels ≥ 42.0 µg/l had mean 
(SD) number of teeth 5.75 (4.96) whereas those participants who had serum cotinine levels 
<42.0 µg/l had 3.31 (3.77) (Table 11). There was also significant difference in number of teeth 
with periodontal pocketing ≥4 mm at the follow-up among daily smokers and who had high 
serum cotinine levels (≥42.0 µg/l)  as compared to non-smokers and who had low serum 
cotinine levels (<42.0 µg/l), respectively. 
5.3. Association between smoking characteristics and serum cotinine levels 
5.3.1. Distribution of mean serum cotinine levels according to smoking characteristics 
The mean serum cotinine levels of the study participants are presented in Table 12. The serum 
cotinine level for daily smoking varied from 63 µg/l to 623 µg/l for 1–9 cig/day, 45 µg/l to 
1162 µg/l for 10–19 cig/day, 171 µg/l to 1099 µg/l for 20+ cig/day. The serum cotinine levels 
for non-smokers ranged from 0.10 µg/l to 864 µg/l. The serum cotinine levels for quitters 
ranged from 0.10 µg/l to 181 µg/l. The participants who smoked occasionally had serum 
cotinine levels ranged from 0.10 µg/l to 520 µg/l. The serum cotinine levels, as mentioned 
above, showed a large variation among daily, occasional, quitters and non-smokers. There was 
also an overlapping in serum cotinine levels between self-reported occasional smokers and non-
smokers.   
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Table 12: Mean (SD) serum cotinine levels of study participants according to smoking 
characteristics 
Smoking  
Status 
n 
(Total n= 294) 
Serum Cotinine 
µg/l 
Daily Smoker 62 406.12 (243.27) 
Occasional Smoker 12 84.59 (155.50) 
Quitted 49 16.52 (34.78) 
Non Smoker 171 17.71 (78.07) 
p–value  <0.001 
   
Amount of 
Daily Smoking 
n 
(Total n= 238) 
Serum Cotinine 
µg/l 
20+ cigarettes/day 20 461.45 (243.81) 
10–19 cigarettes/day 28 433.78 (238.59) 
1–9 cigarettes/day 12 315.66 (201.46) 
0 cigarettes/day 178 22.87 (87.97) 
p–value  <0.001 
5.3.2. Relation between self-reported amount of daily smoking (number of cig/day) and 
serum cotinine levels 
The relation between the self-reported amount of daily smoking and serum cotinine levels is 
presented in Figure 6. A significant correlation was found between number of cigs/day and 
serum cotinine levels (rs = 0.721) (p=<0.001) (CI: 0.654 to 0.777). 
Figure 6: Correlation between self-reported amount of daily smoking (number of cig/day) and 
serum cotinine levels 
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5.3.3. Optimal cut-off point to differentiate smokers from non-smokers 
Optimal cut-off point for serum cotinine levels to differentiate smokers (daily, occasional) from 
non-smokers was estimated using receiver operator characteristic (ROC) curve analysis. 
Optimal serum cotinine cut-off point was 42.0 µg/l with sensitivity (% of smokers above the 
cut-off point: 86%) and specificity (% of non-smokers below cut-off point: 97%). 
 
Figure 7: Optimal cut-off point to distinguish between smokers and non-smokers 
 
Table 13: Sensitivity and Specificity according to serum cotinine levels (µg/l) 
Estimated specificity at fixed sensitivity Estimated sensitivity at fixed specificity 
Sensitivity Specificity Cotinine (µg/l) Specificity Sensitivity Cotinine (µg/l) 
80 98.17 >77 80 90.48 >14.2 
90 81.01 >14.6 90 85.53 >21.06 
95 24.86 >1.8 95 85.53 >31.2 
97.5 11.93 >0.1 97.5 81.22 >65.47 
99 11.93 >0.1 99 73.68 >162.38 
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Table 14: Smoking status accuracy with serum cotinine levels (µg/l) 
Serum cotinine levels Observed 
 Smokers Non smokers Total 
≥42µg/l 65 (TP) 7 (FP) 72 (TP+FP) 
<42µg/l 11 (FN) 211 (TN) 222 (FN+TN) 
Total 76 (TP+FN) 218 (FP+TN) 294 (TP+FP+FN+TN) 
Using cut-off point 42µg/l, there were 65 smokers who had cotinine level above ≥42µg/l (TP) 
and 211 non-smokers who had cotinine levels  <42µg/l (TN). There were 11 smokers who had 
cotinine levels <42µg/l (FN) and 7 non smokers who had cotinine levels  ≥42µg/l (FP) (Table 
14).  
5.3.4. Misclassification rate: 
The misclassification rate (MR) is the proportion of all misclassified smoking status (FN + FP) 
out of total smoking status (TP+FN+FP+TN) which was 6%. To calculate percent correct, one 
minus misclassification rate was used. The percent correct was 94%. 
The area under the curve (AUC) was 0.917 with (SE: 0.0259), (CI: 0.879–0.946). To maximize 
the reliability, the cut-off point was calculated by Youden’s Index. The bootstrap approach was 
used to calculate CI and presented below in Table 15. 
Table 15: Youden’s Index to calculate optimal serum cotinine cut-off point 
Parameters Values 
Youden index J 0.8232 
95% Confidence interval 0.7179 – 0.8895 
Associated serum cotinine level (µg/l) >42 µg/l 
95% Confidence interval (µg/l) >35 to >164 
Sensitivity 86% 
Specificity 97% 
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5.4. Incidence of periodontal disease during 4-year follow-up in relation to smoking 
characteristics ( smoking status, amount of daily smoking) and serum cotinine levels  
Table 16: Negative Binomial Regression models for the association between baseline self-
reported smoking status and the development of periodontal pockets ≥4 mm during the 4-year 
follow-up. 
  
Smoking Status 
All adults with no periodontal pocket 
data at baseline (n = 294) 
 IRR 95% CI p–value 
Model 1A 
Daily Smoker 1.82 1.32–2.50 <0.001 
Occasional Smoker 0.68 0.33–1.37 0.276 
Quitted 1.10 0.77–1.57 0.604 
Non Smoker (Reference) 1   
 
Model 1B 
Daily Smoker 1.66 1.19–2.30 0.003 
Occasional Smoker 0.66 0.32–1.34 0.253 
Quitted 1.00 0.69–1.45 0.988 
Non Smoker (Reference) 1  
 
Model 1C 
Daily Smoker 1.58 1.12–2.21 0.009 
Occasional Smoker 0.66 0.32–1.35 0.256 
Quitted 1.00 0.69–1.45 0.991 
Non Smoker (Reference) 1  
 
Model 1D 
Daily Smoker 1.59 1.12–2.23 0.008 
Occasional Smoker 0.67 0.33–1.37 0.278 
Quitted 0.99 0.68–1.44 0.972 
Non Smoker (Reference) 1  
Model 1A was unadjusted; Model 2B: adjusted for sex and age (continuous); Model 2C: adjusted for sex, age (continuous) and 
education; and Model 2D:  adjusted for sex, age; education, tooth brushing frequency, plaque, dental attendance pattern. 
Negative binomial regression analysis revealed that daily smoking at baseline was associated 
with the development of periodontal pockets ≥4 mm. The IRR for smokers was 1.82 (95% CI: 
1.32–2.50) as compared to the reference category; however, no significant association was 
observed among occasional smokers and quitters. After adjustment of confounding factors, the 
IRR was 1.59 (95% CI: 1.12–2.23) among daily smokers as compared to non-smokers (Table 
16).   
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Table 17: Negative Binomial Regression models for the association between baseline amount 
of daily smoking and the development of periodontal pockets ≥4 mm during the 4-year follow-
up. 
  
Amount of Daily Smoking 
All adults with no periodontal pocket data  
at baseline (n = 238) 
 IRR 95% CI p–value 
Model 2A 
20+ cigarettes/day 2.41 1.47–3.94 <0.001 
10–19 cigarettes/day 1.61 1.04–2.49 0.031 
1–9 cigarettes/day 1.05 0.54–2.03 0.879 
0 cigarettes/day (Reference) 1  
 
Model 2B 
20+ cigarettes/day 2.2 1.33–3.63 0.002 
10–19 cigarettes/day 1.49 0.95–2.33 0.083 
1–9 cigarettes/day 1.04 0.53–2.03 0.895 
0 cigarettes/day (Reference) 1  
 
Model 2C 
20+ cigarettes/day 2.02 1.21–3.37 0.006 
10–19 cigarettes/day 1.3 0.81–2.09 0.268 
1–9 cigarettes/day 1.00 0.51–1.95 0.992 
0 cigarettes/day (Reference) 1  
 
Model 2D 
20+ cigarettes/day 2.03 1.21–3.39 0.007 
10–19 cigarettes/day 1.26 0.78–2.04 0.341 
1–9 cigarettes/day 0.96 0.48–1.87 0.900 
0 cigarettes/day (Reference) 1  
Model 2A was unadjusted; Model 2B: adjusted for sex and age (continuous); Model 2C: adjusted for sex, age (continuous) 
and education; and Model 2D:  adjusted for sex, age, education, tooth brushing frequency, plaque, dental attendance pattern. 
Regarding the amount of daily smoking (number of cigarettes/day), the association between 
amount of daily smoking and the development of deepened periodontal pockets was dose-
dependent. The IRR was 2.41 (95% CI: 1.47–3.94) among participants who smoked 20+ 
cig/day, 1.61 (95% CI: 1.04–2.49) among participants who smoked 10–19 cigarettes/day and 
1.05 (95% CI: 0.54–2.03) among participants who smoked 1–9 cigarettes/day as compared to 
the reference category. The fully adjusted model showed IRR 2.03 (95% CI: 1.21–3.39) among 
participants who smoked 20+ cig/day, 1.26 (95% CI: 0.78–2.04) among participants who 
smoked 10–19 cigarettes/day and 0.96 (95% CI: 0.48–1.87) among participants who smoked 
1–9 cigarettes/day as compared to the reference category. The association was significant after 
adjustment of confounding factors for daily smokers (20+ cig/day) (Table 17). 
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Table 18: Negative Binomial Regression models for the association between baseline serum 
cotinine levels and the development of periodontal pockets ≥4 mm during the 4-year follow-
up. 
  
Serum Cotinine 
levels (µg/l) 
All adults with no periodontal pocket data at baseline 
(n = 294) 
IRR 95% CI p–value 
Model 3A 
≥ 42.0 1.74 1.29–2.32 <0.001 
< 42.0 (Reference) 1 
 
 
Model 3B 
≥ 42.0 1.64 1.21–2.21 0.001 
< 42.0 (Reference) 1 
 
 
Model 3C 
≥ 42.0 1.56 1.14–2.12 0.005 
< 42.0 (Reference) 1 
 
 
Model 3D 
≥ 42.0 1.56 1.14–2.13 0.005 
< 42.0 (Reference) 1  
Model 3A was unadjusted; Model 3B: adjusted for sex and age (continuous); Model 3C: adjusted for sex, age (continuous) and 
education; and Model 3D:  adjusted for sex, age, education, tooth brushing frequency, plaque, dental attendance pattern. 
 
Table 19: Negative Binomial Regression models for the association between baseline serum 
cotinine levels and the development of periodontal pockets ≥4 mm during the 4-year follow-
up. 
  Tertiles of serum 
cotinine levels 
(µg/l) 
All adults with no periodontal pocket data at baseline 
(n = 294) 
IRR 95% CI p–value 
Model 4A 
>436 1.87 1.22–2.84 0.003 
36–436 1.66 1.16–2.36 0.005 
<36 1 
 
  
Model 4B 
>436 1.76 1.15–2.70 0.009 
36–436 1.56 1.09–2.26 0.015 
<36 1 
 
 
Model 4C 
>436 1.65 1.06–2.56 0.026 
36–436 1.53 1.06–2.20 0.023 
<36 1 
 
  
Model 4D 
>436 1.65 1.05–2.60 0.029 
36–436 1.52 1.05–2.21 0.025 
<36 1  
Model 4A was unadjusted; Model 4B: adjusted for sex and age (continuous); Model 4C: adjusted for sex, age (continuous) and 
education; and Model 4D:  adjusted for sex, age, education, tooth brushing frequency, plaque, dental attendance pattern. 
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It was observed that serum cotinine levels ≥42.0 µg/l were significantly associated with 
deepened periodontal pockets with IRR 1.74 (95% CI: 1.29–2.32) as compared to the reference 
category. The association attenuated slightly in fully adjusted model with IRR 1.56 (95% CI: 
1.14–2.13) (Table 18). 
 To depict the association among smokers with increased concentration of serum cotinine, the 
tertiles of cotinine according to its 50th, 90th and 95th percentiles were used. The IRRs were 1.87 
(95% CI: 1.22–2.84) among participants belonging to highest serum cotinine tertile (>436 µg/l) 
and 1.66 (95% CI: 1.16–2.36) among participants belonging to intermediate serum cotinine 
tertile (36–436 µg/l) as compared to the lowest serum cotinine tertile (<36 µg/l). In fully 
adjusted model, the IRRs were 1.65 (95% CI: 1.05–2.60) among participants belonging to 
highest serum cotinine tertile (>436 µg/l) and 1.52 (95% CI: 1.05–2.21) among participants 
belonging to intermediate serum cotinine tertile (36–436 µg/l)) as compared to the lowest serum 
cotinine tertile (<36 µg/l). The association was significant after adjustment for confounding 
factors in higher and intermediate serum cotinine tertiles (Table 19).  
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6. DISCUSSION 
6.1. Association between smoking and periodontal disease 
The present longitudinal study assessed the effect of smoking on periodontal health among 
Finnish dentate adults. The association between amount of daily smoking (number of 
cigarettes/day) and the development of periodontal disease was dose-dependent. These findings 
were consistent with results of the previous studies (Grossi et al. 1994, Grossi et al. 1995, 
Martinez-Canut et al. 1995, Alpagot et al. 1996). The positive association in the present study 
was consistent with known detrimental effects of smoking on periodontal health and thus, 
confirmed the findings of previous cross-sectional and longitudinal studies (Bergström et al. 
2000, Ojima et al. 2006, Okamoto et al. 2006, Thomson et al. 2007). However, the results of 
the present study were found to contradict previous studies where no association was found 
between smoking and periodontal health (Preber et al. 1980, Taani 1997, Persson et al. 2005). 
The present study showed that smoking quitters had lower incidence of periodontal pockets as 
compared to daily smokers. This was consistent with other studies depicting less diseased sites 
in quitters than daily smokers (Bergström et al. 1991, Haber & Kent 1992, Grossi et al.1997, 
Johnson & Slack 2001, Winn 2001, Bergström 2006).  A 7-year follow-up study by Kaldahl et 
al. (1996) showed reduction in probing depth among quitters compared to current smokers and 
was found to be in concordance with the present study results.  
Some previous studies reported that smokers who had poorer oral hygiene were more 
susceptible to periodontal diseases (Alexander 1970, Sheiham 1971). However, later studies 
found that after adjusting the oral hygiene factors, smokers were still prone to periodontal 
diseases (Ismail et al. 1983, Bergström 1989, Bergström 1994). The results of the present study 
are in agreement with the above mentioned studies. 
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6.2. Association between serum cotinine levels and periodontal disease 
Taking into consideration the precise and accurate measurement of the exposure to tobacco 
products, biochemical marker (serum cotinine levels) was used in the present study. To date, 
most of the studies rely only on self-reported smoking status obtained by interview or 
questionnaire. This approach makes it difficult to determine the strength of smoking habits as 
a risk factor. It may also introduce social desirability bias into the data. The present study 
showed a significant higher incidence of periodontal pocketing among those who had high 
serum cotinine level. Thus, the findings support positive association between serum cotinine 
levels and the development of periodontal disease. The findings of the present study were 
consistent with the results of previous studies (Gonzalez et al. 1996, Yamamoto et al. 2005, 
Leow et al. 2006). 
6.3. Association between serum cotinine levels and smoking characteristics 
The most common method for assessment of smoking status is to collect data about smoking 
habits/history by using questionnaire or by interview which can lead to over or underestimation 
of amount of smoke inhaled per cigarette (Etter et al. 2000). It was observed in the present study 
that serum cotinine appeared to be a better predictor of the development of periodontal disease 
than self-reported smoking status; as some self-reported non-smokers showed serum cotinine 
levels as high as 864 µg/l. The overlapping of serum cotinine levels between occasional 
smokers and non-smokers was observed in the present study but it turned out to be accurate in 
case of daily smokers when compared with the corresponding cotinine levels. A study by 
Vartiainen et al. (2002) showed higher validity of self-reported smoking in Finland which was 
found to be consistent with the findings of the present study among daily smokers and true non-
smokers. 
Using serum cotinine levels 42.0 µg/l, the misclassification rate of 6% for smoking status was 
observed in the present study. When using the widely accepted cut-off point of 14 µg/l given 
by Jarvis et al. (1987), the sensitivity and specificity turned out to be 90% and 79% respectively. 
It was observed that the cut-off point of 14 µg/l increased the misclassification rate to 18% and 
was higher than the Health and Nutrition Examination Survey depicting 12% of the self-
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reported smokers who had optimal cut-off point for serum cotinine levels < 14ng/ml (Perez et 
al. 1992).  
The most possible reason for the misclassification rate (6%) in the present study can be 
attributed to occasional smokers, having laboratory error in the data or an error in filling 
questionnaire. The occasional smoking can be related to the fact that a person may or may not 
have smoked on the day or a day before the examination (no time point). Other reason for 
misclassification might be the individual variation in transformation of nicotine to cotinine. 
There is also a variation in clearance of serum cotinine levels ranging between (19–75ml/min) 
(Benowitz 1999).  
Regarding the impact of using a lower cut-off points, the sensitivity was better as compared to 
specificity with >0.1 µg/l had sensitivity of 99% and specificity of 12% and >1.8 µg/l had 
sensitivity of 95% and specificity of 25%. Sensitivity tended to be better with lower-cut off 
points due to inclusion of occasional smoking or participants who smoked less cigarettes/day. 
The mean serum cotinine levels for daily smokers was 406 µg/l in the present study which was 
higher than the average serum cotinine levels of 122 ng/ml reported by Benowitz (2009) and 
mean serum cotinine levels among smokers 200 ng/ml in NHANES survey (1998–2002) 
(O’Connor 2006). However, the quitters had mean serum cotinine levels (17 µg/l) which was 
quite low when compared to daily smokers. An earlier study in Finland used cut-off point of 
100 µg/l to differentiate smokers from non-smokers with high misclassification among non-
smokers who indicated active smoking with serum cotinine levels ≥100 µg/l (Vasankari et al. 
2011). In the present study, the cut-off point of 100 µg/l increases the false positive rate with 
sensitivity of 78% and specificity of 98%. The overlap among serum cotinine values in smokers 
(daily, occasional) and non-smokers was observed with cotinine values 100 µg/l; hence, 
cotinine values helped in improving the precision and reliability of self-reported smoking 
status. 
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6.4. Strengths and limitations of the study 
The present longitudinal study showed positive and significant association between daily 
smoking and the development of periodontal disease. The participants who had a known risk 
for periodontal disease such as diabetes and rheumatoid arthritis were excluded from the study. 
The participants analyzed in this study had no periodontal pocket at baseline which might had 
have a substantial effect on the development of periodontal disease. There are only few long 
term prospective studies that had shown the association between smoking and periodontal 
health (Ismail et al. 1990, Bergström et al. 2000, Thomson et al. 2007). The results of the 
present study was in concordance with the above mentioned studies. The quitters had low 
incidence for periodontal disease in the present study indicating that smoking cessation lowers 
the development of periodontal disease. The serum cotinine levels reflect extent of exposure of 
the last few days (3–4 days) (Etter et al. 2000) and is used in the present study. Thus, it might 
be more reliable and accurate method to assess the development of periodontal disease when 
the combination of self-reported smoking status and serum cotinine levels were taken into 
consideration.  
The limitations of the present study should also be identified. The present study only dealt with 
the presence of periodontal pockets ≥4 mm in the follow-up examination and was confined to 
four site/tooth assessment which might underestimate the actual number of teeth having 
periodontal pockets. Clinical attachment loss is considered to be more accurate measure to 
depict the extent and severity of periodontal disease (Baelum et al. 2003, Holtfreter et al. 2009, 
Savage et al. 2009, Eke et al. 2012, 2015). The widely accepted case definition to measure the 
development of periodontal disease is a combination of both probing depth and clinical 
attachment level for moderate ‘(≥2 interproximal sites with clinical attachment level ≥4 mm (not 
on same tooth) or ≥2 interproximal sites with probing depth ≥5 mm (not on same tooth))’ and 
severe ‘(≥2 interproximal sites with clinical attachment level ≥6 mm (not on same tooth) and ≥1 
interproximal site with probing depth ≥5 mm)’ periodontitis (Page & Eke 2007). This case 
definition is not consistent with the present study which focused only on periodontal pocket 
depth. 
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The sample size of the present study was determined by selecting the variables for analysis and 
did not completely represent Finnish dentate adults. The current sample size had higher number 
of females and more educated subjects than the baseline survey population. Furthermore, the 
present study did not analyze passive smoking or nicotine replacement therapy. 
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7. CONCLUSION 
It was not possible in this study to reliably distinguish people with different smoking 
habits/history, possibly due to the effects of occasional and passive smoking. Further research 
is needed to explore the association between passive smoking and the development of 
periodontal disease. The association of nicotine replacement therapy with serum cotinine levels 
should also be explored. Precise and accurate measurement to distinguish true non- smokers 
with daily and occasional smokers is desirable from the validity point of view. 
Occasional smoking was not associated with the development of periodontal disease. The 
periodontal status in quitters was almost similar to that of non-smokers suggesting smoking 
cessation improves the periodontal health. The positive association was also observed between 
serum cotinine levels and the development of periodontal disease suggesting that combined use 
of serum cotinine levels and self-reported smoking status can be useful in better prediction of 
periodontal disease.  
The association between amount of daily smoking and the development of periodontal disease 
was dose-dependent. It may, therefore, be concluded from the present longitudinal study that 
daily smoking is associated with deterioration of periodontal health. 
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